The impedances and the loss factors experienced by a particle beam that circulates in the APS storage ring play an essential role in the studies of the beam instability problem. Due to a large variety of structures in the ring, the computation of these parameters amounts to enormous work. During the last months, this was tackled numerically by invoking the MAFIA family, a set of codes developed mainly at DESY. The results are to be reported in several LS notes. This note is the first part and will discuss a composition rule that we observed in our calculations.
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The composition rule can be stated as follows. For a complicated structure, one may decompose it into simple components and compose these components to form new structures. Under certain conditions, the old and the new structures will give the same loss factors. This rule is in analogy to and an extension of the law of addition of resistances in sequence in the conventional circuit theory. We will take two examples to illustrate this rule.
The first one is a periodic structure. Each period consists of two beam pipes of different transverse dimensions and two tapered sectors between them, see Fig. 1 . This layout mimics the basic feature of the vacuum chamber system of the APS storage ring. The big pipe represents the beam chamber, and the small one the insertion device section. To employ the composition rule, we first decompose this long structure into two sorts of components -the expansion type [ Fig. 2(a) ] and the pinch type [ Fig. 2(b) ]. Then, we compose them to form three different new structures, the cavity type [ Fig. 2(c) ], the scraper type [ Fig. 2(d) ], and the two-period type [ Fig. 2(e) ]. The composition rule then says that both the cavity and the scraper type should have the same losses, which should be equal to the sum of that of the expansion and the pinch components, and that the losses of the two-period type should be twice as big as that of the cavity component. This assertion can be easily verified by examining Tables 1 and 2 However, it should be pointed out that special caution is needed in calculating the losses of the expansion, the pinch and the scraper components in order to get the correct results. For each of these components, the numerical computation would require that the beam pipe at both ends be infinitely long. This, of course, is practically impossible. One has to truncate both the entrance and the exit beam pipe to finite lengths, say, Lin and Lout. This truncation will have a drastic effect on the numerical output. As an example, Fig. 3 shows that, as the length Lout increases, the TBCI output for the longitudinal loss of the scraper component would oscillate around some value, which coincides with that of the cavity component. When Lout becomes long enough, the oscillation would converge to this value.
Similar phenomena have also been observed in the MAFIA output. This oscillatory curve is solely due to the truncation of Lout and can be understood in the following way. On the one hand, when one is close to a scattering point (i.e., the place where discontinuity occurs) in the beam pipe, the electric fields would be greatly perturbed by the scattering.
Therefore, the integration of the fields along the beam moving direction would have different values for different truncation lengths. When, on the other hand, this length is long enough, it is conceivable that the fields in the beam pipe would eventually "forget" the scattering and that the field integration would keep a constant value as observed in Fig. 3 .
On the contrary, the output of the losses calculated for the cavity component is rather simple. It has no dependence on the truncation lengths and always gives a constant value as shown in Fig. 3 . This is due to the trick that one may integrate along the wall in this case. Table 3 . Again, the composition rule holds to one's satisfaction.
In summary, our studies show that in order to estimate the losses of a complicated structure, one may invoke the composition rule to decompose it into simple components and compose these components to form new structures so that the losses would be easier to calculate. The numerical results of the losses before and after this recomposition procedure would remain unchanged, provided that one does the integration correctly (such as to keep Lout long enough in the first example). 
